ABSTRACT In this paper, we present a standard-based methodology to data-mine and eventually compute the results from 360 • feedback surveys. We pay special attention to its suitability in the educational and pedagogical sphere, where very little research efforts have been accomplished. A 360 • feedback study (also known as multi-rater feedback) provides a holistic view of an appraisee's performance based on the information and opinions gathered from raters about the person being evaluated. An evaluator or appraiser can be any peer, coworker, subordinate, supervisor, customer, classmate, and so on and even the appraisee himself/herself. This type of surveys is usually carried out in big companies/institutions and by specialized human resources departments. The computer tools normally used for the processing of the data generated by these studies are based on simple spreadsheets and ad hoc scripts backed by untapped databases. In this context, we advocate the use of a refined, standardized, and straightforward computing environment based on stored procedures. The Persistent Stored Module and the stored procedures there defined are part of the Structured Query Language ISO norm, and they can be leveraged to perform complex calculations without the need of developing external software or requiring extra network transactions. This approach can also be transferred to general 360 • appraising studies and, with special emphasis, to those performed in academic levels. As a testbed, the presented techniques have been put into practice in a multi-rater evaluation experience executed with over 240 high-school students. The technical and pedagogical lessons learned in this initial test can be eventually exported to the three main academic levels in a network of educational centers with more than 44k scholars enrolled. The inclusion of such assessment actions in educational environments enables the fostering of the novel pattern of cooperative learning, as it is also highlighted in this paper.
I. INTRODUCTION
Performance evaluation is a key step for assessing the progress of a worker, player or student within an organization, company or, as highlighted in this work, an educational institution. The goal of continuous evaluation is the improvement of the performance of such ensembles of individuals (as a whole) and the advancement in the achievements and well-being of each of their members, as individuals. In this context, the present paper introduces a simple and elegant framework that interplays modern and already widely available data-mining techniques, cooperative learning and contemporary appraisal approaches. As we later highlight, the efficiency of the technical side of this framework can turn out very useful in academic environments with huge enrollment rates, such the network of schools tutored by the Marist Brothers community (with more than 44k students).
The evaluation of the status of a member belonging to a specific human group can be achieved in many ways: from the raw (and impersonal) analysis of figures such as sales reports, number of recruited/retained clients, achieved grades, etc., to the usual top-down [1] audit (i.e., a manager that rates a subordinate's work) or bottom-up (which implies just the opposite process). In recent times, new and more federated ways of evaluating a person's status within an organization have emerged. One of these systems is the so-called 360 • feedback, multi-rater feedback or multi-source evaluation. In a 360 • study, a person is assessed by all (or almost all) the peers that have any connection with the appraisee.
This assessment initially consists in plain questionnaires, forms or rubrics. The collected data are then usually processed and data-mined with technically-poor and even outdated tools such as spreadsheets or even hand calculations. There also exist dedicated software applications. Some run on desktop environments, others on mobile platforms, etc., although in recent times, most of them are web browser-based. No matter their development environment, programming language or linked frameworks, all these apps eventually rely on a database. These databases can be, again, simple spreadsheets (Microsoft Excel files directly accessed via the filesystem [2] , [3] or via scripting languages), plain text files, or dedicated engines. Either way, these data stores are almost always underutilized and its potential is seldom fully leveraged.
The simplest outcome (but still very useful and insightful) that can be obtained in a 360 • appraisal process may come from the derivation of average results from the set of gathered values. Even though these operations might seem computationally simple, they still have associated a non-negligible arithmetical (linear) cost. This is the case of complex organizations with many administrative levels and/or members, such as the examples cited in Section II-A. This cost is seldom taken into account by current 360 • assessment software/tools. The optimization of this associated computational budget fits within the spectrum of issues that are being currently faced by modern big-data and IoT [4] , [5] standards/efforts. One of the main points of this research work is to present a refined and optimized framework that precisely addresses this flaw.
As stated above, a well carried out appraising process can have a very positive impact in a group of people. A 360 • feedback study not only provides a rounded view of an employee's performance. It may also bring a positive change in their behavior and it can contribute to increase engagement. The appraisees also perceive a degree of fairness as studies require cooperation from more than one contributor. These facts are very important when it comes to students and children. Although 360 • evaluations normally take place at business and enterprise levels, this impact can be extended to the academic sphere. With this in mind, the second goal of this research effort is the study of the application of such evaluations in schools and their pedagogical feedback. As we will argue in Section II-B, they can definitely contribute to foster the sense of belonging. They also interplay in a very productive way with scenarios where cooperative learning has been implemented as it requires some degree of acknowledgment from all (or some of) peers in the classroom or subgroup/team.
The rest of the paper is structured as follows. In Section II we summarize the methodology related to multi-rater evaluation from a formal and algorithmic point of view. In addition, we succinctly tackle its history, state-of-the-art in terms of software tools and literature related to the (few) appraising processes in the academic context. Section III-B is devoted to introducing the concept of stored procedures as a way to optimize the calculations required by 360 • feedback surveys.
The impact that 360 • studies can have in cooperative learning is explained in Section IV. In Section V, we eventually connect the technical side of this research work with the educational/social one. A testbed (case study) of all the elements advocated so far is presented in Section VI. Its results are detailed and discussed in Section VI-B. Finally, some conclusions are drawn in Section VII.
II. THE 360 • EVALUATION METHODOLOGY
A 360 • evaluation (also known as multi-source assessment) normally comprises the retrieval of feedback from subordinates, peers, and even supervisors (people in higher professional/academic positions). Surveys may also include items/questions committed to self-evaluation (typically, the lowest level). Finally, it may also combine feedback from external authorities (suppliers, stakeholders, clients, etc.). This is in deep contrast with the concept of upward/downward (top-down/bottom-up) feedback. In the first case (upward), executives, for instance, receive feedback only in the form of direct reports (i.e., performance appraisals). In the second (downward), employees (or any subordinate) are reviewed by their corresponding supervisors.
The goal of 360 • feedback evaluations is to appraise the status of human resources (a set of appraisees) of an organization, institution or company at a given moment in time. The data about the performance of an appraisee are gathered from different partners with whom he/she has a more or less direct relationship within the association. These partners range from staff, colleagues, directors and junior employees. The usual way of collecting this information is through surveys that can have the traditional form of questionaries o rubrics. The questions in these surveys can be grouped or not by a specific criteria and they can be digitally collected (computer, web page, mobile app, etc.) or through more conventional means. The key point is that the feedback is expected to come from all the people around the appraisee. The text available in [6] contains a good review on the 360 • methodology and its evolution over the past 25 years has been tackled by [7] .
Some of the improvements that 360 • studies offer over other more traditional approaches are [8] :
• Different points of view provided by different participants bring a full overview of the mate/coworker under appraisal. Even though some facets of his/her personality and the status of his/her performance might not be in a direct line of view of a given stakeholder, they can be seen and addressed by others.
• Biased opinions can be moderated thanks to the judgments and answers coming from different types of relations: worker to worker, worker to chief, teacher to student, student to principal, etc. This contributes to draw a more complete picture of the personal, professional and/or academic situation of the appraisee. In Fig. 3 it is shown a schematic and comprehensive perspective of a 360 • evaluation scenario. The employee or student under assessment (p) is in the center of the (semi) circle and is being appraised by the rest of the members p l of each level l. Only levels contained within a given set (L) are taken into account (from the set of all possible levels in which the organization can be divided, i.e., L).
It is possible to translate the graphical information of Fig. 3 to a mathematical-model representation (in a similar way as in [9] ). The corresponding score of a 360 • evaluation (E) for an individual p that is part of an organization (originally divided in L top-down levels) can be obtained as:
where:
• L is the (sub)set of organization levels (l
• p l is any possible rater in a level l (included among the complete set of the study participants of L, that is, P L ),
• p 0 stands for the score corresponding to self-evaluation,
• q l represents the average score awarded by an individual in a level l that answers a set of questions q l about p,
• p l, q l is the average score awarded by all participants belonging to a level l,
• ω l is the weight assigned to the influence of level l in the score obtained by p ( is the set of ω 1 , ω 2 ,. . . ), and
is the Iverson bracket [10] that returns 1 if the expression within the brackets is true (a level l is included in the evaluation) and 0 if false (the level is ignored and the participation its members is not taken into account). In other words: the denominator represents the count of levels taking part in the calculation. As affirmed above, Eq. (1) must be calculated for a given period in time (i.e., the stretch of time in which the study is conducted). Also, this mathematical expression is very easily (and efficiently) implementable with SQL stored procedures, as we will show in Section III-B.
A. HISTORY OF 360 • EVALUATION
As most technologies, styles and philosophies, the 360 • evaluation also had its prehistoric times. Perhaps, the most important exponent was the work carried out by Robert Owen. In the early years of the 19th century, Owen was a famous businessman who, among other interesting contributions to social reforms and cooperative movement, devised a system in which his direct supervisors had to make annotations on each employee's logbook. These notes were later studied by Owen himself in order to apply necessary changes.
Winslow Taylor, an American mechanical engineer, also devised a similar system. Taylor was the first to introduce the concept of cooperation [11] , stating that success could only be achieved through mutual understanding and reciprocity.
The real history of 360 • feedback started in World War II. However, the firsts serious studies did not arrive until the 1950s, in particular by the hands of Esso Research and Engineering Company [12] , [13] , which is most known by the name of ExxonMobil. The military context also helped to propel multi-source evaluation processes. Military service and naval academies regularly ran 360 • surveys as a way to evaluate leadership skills.
In the second half of the 20th century the corporate world began to use 360 • evaluations routinely. The clearest exponents were Bank of America, RCA, Nestle, United Airlines, Bell Labs, FedEx, etc. A more significant use of this tool took place in the decades of 80's and 90's, where it was most used to evaluate the level of performance of executives [14] , [15] . In 1995, 40% of companies were using this feedback method. By the turn of the 21th century, 65% of companies had already joined the 360 movement [13] . Today, over 90% of all Fortune 500 companies make use of multi-rater feedback processes, as evinced by [16] . Some companies even show off their involvement with this kind studies as a means of giving public and media visibility to their good practices in the labor and social fields. Two modern examples of this attitude are Facebook [17] and Phillips [18] .
Despite its massive success in the business world, its application in the learning field is limited, as tackled in Section II-B.
B. 360 • FEEDBACK IN EDUCATION
Assessment in education has always been challenging. The combination of personal expectations, degree goals, professional competences, academic rubrics, and many other elements require a fine definition of the evaluation process [19] . What makes a 360 • evaluation a real fit to education is the focus, not just on the assessment of a number of metrics, but also on the coaching phase along that same process [20] .
In addition, since many participants or stakeholders submit their inputs, the integrated analysis provides a comprehensive picture of the individual and his/her specific context/moment. This analysis also provides clues about future actions and the mentoring process itself in order to achieve a significant progress [21] . In education, where mentoring is part of the job description in every single position in the educational community, this view is valid for managers, tutors, parents, teachers and, of course, students.
As a performance appraisal tool originally coming from the industrial sphere, 360 • evaluation is usually applied and focused on performance feedback of managers and lecturers [22] , [23] . However, students are also a key target group in this type of assessment, since the evaluation is also used as a means for self-reflection by the feedback provider [24] . In doing so, the evaluation process is meant to support the target individual but also the various stakeholders along the way. In the classroom, this integrative approach from colleagues entails a strong way to foster communication, improve integration, fight harassment and discrimination. Besides, it contributes to boost the student involvement in the cycle of education, and not just in one corner of the educational chain.
Despite all these potential benefits, few efforts have been carried out to port 360 • evaluation experiences to the educational realm and to its main protagonists: the students themselves [25] - [27] . In contrast, similar appraising studies have been conducted for teachers and academic staff as a way of assessing their professional performance [28] - [32] and as if they were workers on an assembly line.
III. RELATED WORK
In this section, we describe the current status related to 360 • evaluation tools and the associated computing standards (mainly SQL stored procedures) leveraged in our research.
A. STATE OF THE ART OF 360 • EVALUATION TOOLS
Small companies and groups that undergo a 360 • evaluation mainly make use of spreadsheets [33] , [34] or even plain handmade calculations. However, it is possible to find some commercial 360 • evaluation tools. They are primarily focused at guiding the participants during form filling and results reporting. The main ones are Impraise [35] , Spidergap [36] , Visionmetrics [37], SelfStir [38] and Talentguard [39] . An extensive review of 360 • -related solutions is available at the software analysis website Capterra (http://capterra.com).
There also exist 360 • evaluation solutions specialized for specific sets of groups or organizations. This is the case of A3ByCOMP [40] , which is essentially focused on managing competencies and skills among professionals working with people with physical or mental disabilities. The present work is, in some sense, a specific implementation for educational and cooperative learning settings.
All these aforementioned tools follow the architectural approach presented in Fig. 1-left , that is, they rely on a database as a mere information store. All calculations are carried out at the application layer, missing the analysis capabilities that these database already have in a standardized manner. These capabilities are detailed in Section III-B and subsections.
FIGURE 1.
The most common use of a database-driven system is pictured on the left. In this configuration, a client process just queries the necessary data, which is then processed at the application layer. A object relational layer (ORM) may be used as an intermediary information store. On the contrary, the proposed approach described in this text draws upon the concept of stored procedures (right side).
B. THE SQL/PSM STANDARD
The Structured Query Language or SQL is a well-known standardized (ISO-promoted) language [41] for database query and management. It relies on the organization and request of the stored information in the form of interconnected tables through simple and expressive queries, hence its success since its inception around 1986. Given its specialized case of use, it can be considered a Domain Specific Language or DSL. SQL allows a programmer to access (and alter, if necessary) many records with a single command without having to specify how to reach them. In order words, a SQL setup can work without indexes. SQL consists of many types of statements:
• QDL and DDL are the query and definition languages, • DCL or data control language, and • DML or data manipulation language. In more recent times, a new sublanguage or dialect of SQL was introduced (and also standardized): the Persistent Stored Modules or PSM, summarized in Section III-C. The most recent version of the SQL norm (which already includes PSM) is SQL:2003 [42] . In fact, the SQL standard is in continuous evolution. One of its latest additions is Spatial-SQL [43] , which implements new instructions to inquire about situations involving spatial data and geographical coordinates.
C. SQL STORED PROCEDURES
The SQL/PSM (SQL/Persistent Stored Modules) is an ISO standard [44] defining extensions to the SQL code that implement a procedural language for use in the context of database transactions. It was initially published in 1996 as an extension of SQL-92 [45] and later incorporated into the SQL standard. A stored procedure is a prepared SQL code that can be stored in a database itself. Its code can be reused over and over again. A good overview of the SQL/PSM standard is given by [46] .
There exist other widely used commercial (and nonstandard) implementations that offer a similar functionality: T-SQL from Microsoft and PL-SQL from Oracle.
As stated in Section III-A, most times, SQL databases are operated to (just) organize, query, insert, delete and update chunks of data (also called CRUD paradigm). This entails that most SQL accesses begin with SELECT, INSERT or UPDATE statements. This fact clearly demotes the real capabilities of modern and more capable SQL engines.
In contrast, stored procedures allow very interesting operations such as keeping data-derivation tasks inside the database itself. Stored procedures (and functions) are the most immediate mechanism of encapsulating data-related logic in the SQL engine, along with the tables that serve as sources of that very same data. They are similar to regular programming language procedures. They receive arguments, do something with them, and finally, they either return results (as conventional functions do in functional programming) or alter those same parameters that were passed in (if declared as output values). Other involved and external data/variables can be modified (hence, breaking the functional paradigm).
Most server-based database engines already support stored modules: MySQL/MariaDB, PostgreSQL, Oracle, etc. In contrast, few client-only database products offer such support (perhaps the most clear exponent is Apache Derby). The reason for this is that such frameworks inexorably need the presence of a companion and dedicated software, script of application that leverages the potential of the database file. 
D. ADVANTAGES OF PSM OVER 3GL-BASED APPLICATIONS
There is a vivid discussion in programming forums and in the development community about which types of database-related scenarios should be addressed via PSM or later (upper) handled in the application layer [47] . Software written for this layer is usually authored in thirdgeneration programming languages [48] or 3GL.
The advantages of stored procedures have been covered very rarely in specialized literature, at least from an algorithmic point of view. For instance, the authors in [49] discussed some techniques to leverage existing stored procedures for use in web applications. Current stored procedures implementations have shown problems with efficient processing of large character strings [50] . However, it has also been demonstrated that it is possible to implement complex algorithms that run much faster and in a more compact way than any of their 3GL-based counterparts. This is the case of the stateof-the-art BLAST algorithm, whose successful SQL/PSM deployment is described in [51] . Other advantages of PSM implementations over traditional 3GL approaches are:
• Squeezed network traffic as stored procedures need only serialize name and argument data over the wire. In contrast, 3GL apps usually have to send an entire query.
• No recompiling required as stored procedures already reside in the database and they are written in the necessary (and standard) programming language. This makes them very reusable. Conversely, new versions of 3GL apps need to be tuned, recompiled and, finally, redeployed.
• Greater security as access to sensitive data can be delimited by restraining direct read/write operations to some tables and by explicitly assigning access control lists (ACL) to stored procedures.
• Reusability of logic across different database vendors as code resides in the stored procedures themselves.
• No ORM or object-relational mapping needed, which can lead to the object-relational impedance mismatch [52] .
• Helper functions or code that computes intermediary results can be also added as stored procedures. In the case of this last advantage, a PSM approach for writing helper functions might also turn out very helpful and also very database-friendly. As an example, Listing 1 and Listing 2 show two different helper procedures that are heavily used by the 360 • framework described in Section V.
List. 1. Example of the helper function GET_ROLE implemented in this work as a stored procedure. Its purpose is obtaining the role of each student in a group.
List. 2.
Example of the helper function GET_PERIOD implemented in this work that returns those rows of data that fit within a specific range of dates.
IV. COOPERATIVE LEARNING
The term cooperative learning was originally coined by [53] . It is usually used as wildcard denomination for a group of teaching and learning procedures that have one specific thing in common. These features have to do with the fact of dividing a class in small mixed and heterogeneous groups. In these groups, the students work coordinately in order to solve academic tasks, homework and eventually deepen in their own learning process. In these aggregates, the students can interact and exchange information. They can also be individually evaluated for their work [54] and behavior.
It has been demonstrated that the only true cooperation takes place when the feelings and attitudes towards the group are above personal emotions. This is called positive interdependence [55] . Periodic 360 • surveys among groups of students immersed in interdependent environments can further advance the benefits of cooperative learning, as we will show in Section VI and Section VI-B. Some advantages of cooperative learning are listed in Table. 1. Similarly, we can establish the following essential features related to collaborative learning: TABLE 1. Benefits, at different levels, of the implementation of cooperative learning in schools.
• Positive interdependence: all members feel that they are working towards the achievement of a final goal. If someone fails, the group fails as an entity.
• Sharing of resources: anyone within the group can ask for help and everybody else is required to give it back.
• Personal contact, which is required in order to explain, help, teach each other and establish healthy debates.
• Intra-group responsibility: each member is responsible for the fate of the group.
• No in-group dilution: the benefits offered by any member should be tangible. The group should never dilute the contributions of a member. The team must be committed to self-improvement and growth of each individual.
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• Equal participation and implication of each member.
• Strengthen of cooperative abilities such leadership, trust, decision-making, conflict resolution and communication.
• Active listening: members should be aware of the status of the group at each moment in time. The evolution of the group must be supervised by the teacher, who helps from a reflective attitude towards the members of the group. The teacher also decides the membership of each team at the beginning of each academic year.
Also, a task that respects the cooperative learning principles should embody the following requisites:
• cooperation of all members in order to solve it, • equal contribution from all members, and • availability of all necessary learning/execution materials. Although the fact of practicing cooperative learning can have more impact at younger ages, its implications have also been studied among university students [56] .
A variant of cooperative learning, especially useful in environments associated with childhood (up to secondary) education, involves a role-based playing methodology. This is a core aspect of our research, further analyzed in Section V.
V. PROPOSED FRAMEWORK
In this section we present the technical and methodological specificities of our approach to conduct 360 • reviews in cooperative learning scenarios. This approach leverages the advantages of stored procedures described in Section III-C.
A particularization of the cooperative learning methodology is the so called role-based cooperative learning or RBCL. This is a method devised to attack the root of some problems that have recently arisen in modern societies, in particular with children at early stages of their scholar (and social) life. As a consequence of current social practices and changes in family structures, children and teenagers spend more and more time alone and without the necessary support from parents and tutors. In fact, RBCL was initially created with foreign students and bilingual communities in mind. The role playing in RBCL implies that each member of a group of students knows what he/she can expect from other members, including him/herself. As stated above, the teacher is responsible for guiding the group and assigning roles. A RBCL strategy ensures that team members work together smoothly and productively [57] . Each member feels responsible for the correct outcome of every task and this helps counteracting passive attitudes towards the group [58] . A schematic representation of the anatomy of a RBCL-classroom is shown in Fig. 2 .
In the proposed RBCL framework, roles are classified according to their function:
• Spokesperson: contributes to the group cohesiveness.
• Secretary: monitors the proper group operation.
• Organizer: helps students formulate what they know and how to integrate it with the group's knowledge base.
FIGURE 2.
Diagram of the configuration of groups of students (teams), classrooms and school in the practical experience reported in this research work. Each classroom is subdivided in groups and each group is composed of four members with specific roles: a manager, a secretary, a spokesperson and an organizer. They all are immersed in a cooperative environment and take part in periodic (quarterly) 360 • evaluations.
FIGURE 3.
Diagram view (only half circle is shown for clarity) of an organization taking part in a 360 • feedback process. L is the complete set of levels (l = 1, 2, . . .) in the organization and L is only the set of those levels (and corresponding participants p l ) that take part in the appraisal process of a member p (located at l = 0) and whose self-assigned score is p 0 . Arrows display the direction of the appraisal (from p l to p) and have different widths depending on the relevance of l , that is ω l .
• Coordinator: is in charge of encouraging his fellows to improve their reasoning. The features of these roles are further detailed in Table. 2 for the specific study case described in Section VI.
Through RBCL, students are encouraged to supervise themselves, teach themselves and modulate their behavior. A determinant way to achieve this is to participate in periodic 360 • feedback evaluations (the thesis defended in this research work). In these surveys, each student numerically evaluates:
• himself/herself (s), • other members of the group or peers (S), according to what has been perceived as beneficial or harmful, and
• the group as an entity (s), which enables the group members to reach consensus on which actions favored or hindered the group's work. Taking into account the aforementioned configuration and following the mathematical principles of the multi-rater feedback exposed in Section II, we can rewrite Eq. (1) so that the 360 • evaluation E(s) of a student s can be expressed as:
where s 0 is the student's own evaluation, S is the average score awarded by peers who belong to the same team and s is the average score that all members of the group individually assign to the group as an entity. This last quantity is the same for all members of the group S. This entails that once s is calculated for one member, it can be copied to the personal 360 • score of the rest of the members. Finally, we have assigned equal weights to all three contributions, that is:
• ω 0 or significance of the student's own assessment,
• ω S or the weight corresponding to the mean score assigned by the peers of s, and
• ω s or the relevance of the average score assigned by all members of the group to the group itself. In other words, these values have been made equal to 1, but it is up to each school or teacher to establish other weights.
As it can be acknowledged, the proposed RBCL framework and the associated 360 • evaluations only take into account three levels, that is L = (s 0 , S, s). Certainly, more levels (L ⊇ L) such as s 3 , s 4 , . . ., could have been taken into consideration (i.e., teachers, tutors, other members of the academic staff, etc.) but RBCL aims to emphasize the academic impact of the group above all other possible influences.
List. 3. Implemented Stored procedure GET_PERSONAL that computes a student's self-assigned score (i.e., s 0 ).
List. 4.
Function GET_GROUP (implemented in this work) that computes the 360 • score assigned to the group as an operational structure, i.e., S .
The expression in Eq. (2) is straightforwardly implementable as a set of pure PSM procedures. For instance, the code in Listing 4 shows the necessary instructions to derive the S contribution for a given student s. Listing 3 performs similar operations to determine s 0 . The complete PSM framework also runs significantly faster than 3GL counterparts. A simple simulation demonstrates that a modern MySQL instance can compute Eq. (2) more efficiently as the number of levels increases. This is an important detail when it comes to accomplish complex multi-rater surveys in big organizations such as the extended mosaic of Marist schools shown in Fig. 6 and later tackled in Section VI. With more detail, in Fig. 4 it is shown the time taken for a 3GL-based approach t s compared with a flat PSM strategy t a . Both sequences seem to have a linear shape, but the second (PSM) has a less steep slope. This fact is more clearly represented in the bar plot, which stands for the difference in the slope (m a −m s ) for ranges/tiers of 30 levels.
This PSM-only framework is a reduced version (for role-based cooperative learning experiences such as the one carried out in Section VI) of the general formulation described in Section II. Similarly, the 360 • schematic representation previously shown in Fig. 3 can be now downsized as depicted in Fig. 5 .
VI. STUDY CASE
Next we describe the experience around RBCL and 360 • evaluations that has taken place in the 17/18 term in a Marist secondary/high school in Durango (Spain). This test bed case is a clear and direct application of the methodologies discussed in Section V. The study will serve as field test for future implementations in the rest of the ∼ 60 schools belonging to the Marist Brothers community (Fig. 6 ). These educational centers host more than 44k students who can, in the mid-term, benefit from the methodology described in this research paper.
A. EDUCATIONAL CONTEXT
The Maristak-Durango school is a private school that receives public funds. It organically depends on the Department of Education of the Basque Government but it is simultaneously associated to the cluster of Marist schools (with educational centers throughout almost the entire territory of Spain, as evinced in Fig. 6 ). In its origins, Maristak-Durango was VOLUME 7, 2019 
FIGURE 5. Particularization of the 360
• appraisal of student s in a cooperative environment. The term s 0 is s's own self-assigned score (represented by an arrow that closes on itself), S is the grade granted by each student to the group as a whole and s is the rating appointed by each peer to s. Other appraising levels (s 3 , s 4 , . . .) are ignored in this study. For instance, that is the reason why the arrow corresponding to s 3 is not drawn. a school of arts and crafts. However, through its more than 100 years history, it has adapted itself to the changes in the social context and its surroundings and has always been courageous when it comes to testing new learning methodologies. The students belong to highly different social classes. Maristak-Durango has also a raising immigrant population.
In recent years, RBCL has been introduced in collegepreparatory classes (1st and 2nd academic years before the pre-university certification exam). In the context of the aforementioned school, this methodology is used to teach and evaluate procedures/attitudes related to the acquisition of transversal competences [59] . Each team passes quarterly 360 • evaluations, so it is possible to follow the progress with time.
Classrooms are subdivided into cooperative teams of quartets where their four members have similar roles to those described in Section V. With more detail, the liabilities of each member are particularized in Table. 2. Students fill their 360 • questionnaires through a simple PHP-based web-form interface. Values are then stored in a MySQL instance and all numerical estimates are carried out with the techniques previously summarized in Section III-B and Section V.
B. RESULTS AND DISCUSSION
The results presented in this section basically cover the (upward) trend in the average marks received by the students involved in the RBCL experience developed in the Maristak-Durango school during the 2017/2018 term. These outcomes are summarized in Table. 3 and Table. 4. The left side of Table. 3 shows the average progress in the obtained grades in the classes where 360 • experiences were carried out (1st/2nd pre-college courses). These results show a tangible positive evolution (↑ 0.86) when comparing the global grades TABLE 3. Left: Quarterly evolution of the mean grades (0 -10 scale) for the classrooms where 360 • feedback surveys were conducted (the score of all teams has been averaged). Right: same evolution for the groups in a specific classroom.
TABLE 4.
Individual quarterly (1st to 3rd) evolution in the average grades for the members of two teams in two classes corresponding to the first and second terms, respectively. (0-10 scale) for the 3rd and 1st quarters. This evolution is also positive for the classrooms that belong to the 1st course (↑ 0.78) and to those in the 2nd year (↑ 0.91), separately. These results are also in consonance with what is expected from groups that often undergo 360 • studies: the longer they perform these systematic evaluations, the better they operate in a team environment [60] . The more 360 • surveys they undertake, the greater benefits they obtain from them. This ability is maintained even if the membership of the group changes from one academic term to the next. It is learnt attitudinal skill. A student immersed in a cooperative climate and occasionally monitored in 360 • feedback experiences, has internalized the concept of team work. This social strength is incorporated to the personal toolbox of competences.
The right side of Table. 3 details the average grades for the groups S = 1 . . . 8 in a specific class in the 1st course. As it can be seen, all groups clearly improved their marks in the third quarter and the average score for the whole classroom raised ↑ 1.26 points. Finally, Table. 4 shows a zoom view (reflecting a similar progression) over the individual grades of the members of two teams. This increase in the evolution of the average grades contrasts with that experienced in previous courses (where the 360 • + RBCL joint methodology was not applied). Specifically, the 17/18 academic promotion shows an improvement in the mean marks of ↑ 1.8 points with respect to older promotions in which classical pedagogical approaches were followed. The score obtained in the university entrance tests also raised ↑ 2.0 points between those same courses. From a role-wise perspective, it is possible to see an upward (quarterly) direction for the 360 • scores and grades of the four types of jobs summarized in Table. 2. However, data also reveals that students acting as organizers tend to display the highest increase, both in their own grades and in their personal E(s) record. In the appraising process, they are also inclined to boost their own score (↑ s 0 = 1.4) more than any of the other members of the group (positive and improved self-perception). Organizers also lead the contribution in the peer-review part (↑ S = 1.2) of Eq. (2). An explanation for this noticeable fact could be that this position is the least conflictive. Students who portray as organizers mostly go unnoticed and seem to be immune to bad criticism from their peers. They are also the ones that are seen as having a lower impact on the successes and/or failures of their corresponding groups. In contrast, the role of the spokesperson is the one with the smallest increase in the combination of grades, E(s) and s 0 . The reason that may explain this circumstance is that learners engaged in such tasks suffer wear and tear due to overexposure/frictions with other members of the team, other groups, and even the classroom authority, i.e., the teacher.
The complete source code on which the present work is sustained is openly available in the following Github repository: https://github.com/iratxelejarreta/ TFG. With more detail, the main files are the following:
• PROC_RESULT.sql aggregates all the intermediary calculations, i.e., the quantity E(s) in Eq. (2).
• P_PERSONAL.sql obtains the personal score, i.e., s 0 .
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This is roughly the code contained in Listing 3.
• GET_OTHERS_P.sql returns S .
• GET_GROUP_P.sql calculates the group results, i.e., s . This is roughly the code contained in Listing 4.
• GET_PERIOD.sql returns those records that fit within a given date range. This is necessary to delimit a specific study in time (as explained in Section II) and is roughly the code contained in Listing 2.
• GET_ROLE.sql returns the role of a record (Table. 2). This is roughly the code contained in Listing 1.
VII. CONCLUSIONS
In this paper we have presented a simple but yet elegant framework to compute the outcome of 360 • feedback surveys using only ISO-regulated software solutions. With more detail, our proposal leverages the use of the stored procedures module, which is part of the SQL standard. This approach is in contrast to the usual approximations to this type of problems (which consist in developing ad hoc applications/scripts that query an underleveraged database engine). Next, we have applied the aforementioned framework to the academic sphere, in which 360 • studies have seldom been carried out. These multi-rater evaluations can advance the quality and outcome of the learning experience by further benefiting cooperative learning scenarios. Finally, we have presented a test bed experience in a real school. Our results have shown that regular 360 • evaluations enable a regular and steady improvement in the students' grades.
Future tasks associated to this research work comprise the translation of this technical/educational framework to the network of ∼ 60 schools (and its extension to all the educational levels: primary, secondary and pre-college) that belong to the religious community of the Marist Brothers. These schools (shown in detail in Fig. 6 ) currently provide education to more than 44k students. This fact will undoubtedly entail the need to process large amounts of records and perform substantial database operations during each 360 • feedback evaluation cycle. However, according to the work here exposed, these activities can be carried out in a computationally efficient way. 
